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battery.  The  task  was  designed  to  measure  a  number  of  components  of  the 
visual  Imagery  process,  and  each  subject's  performance  was  predicted  by  his 
performance  in  the  original  tasks.  In  the  14  cases  where  correlations  were 
expected  between  the  old  and  new  measures,  only  2  correlations  clearly 
failed  to  be  obtained;  and  in  the  12  cases  where  we  did  not  expect  to  find 
correlations,  only  2  were  in  fact  found.  The  results  supported  the 
fundamental  assumptions  made  earlier  about  Image  processing,  and  also 
hinted  at  some  interesting  strategic  abilities  and  possible  "set"  effects 
in  processing. 
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Abstract 
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KosSlyn Brunn ,  Cave  &  Wallach  (1982)  tested-^Q* sub jects  on  a  battery  of 

/• 

imagery  tasks,  and  showed  that  the  subjects  differed  in  their  ability  to 
perform  specific  imagery  operations  (such  as  image  scanning,  rotation,  and 
generation),  -fir  this  study  the  generality  and  reliability  of  the  imagery 
analyses  descr4bed_i»  Kossiyn,  et  al.  were  examined  by  testing  fourteen  of 
the  original  subjects  in  a  new  imagery  experiment.  This  experiment  was 
conducted  over  one  year  after  the  initial  task  battery  was  administered, 
and  relied  on  a  task  different  from  any  of  those  used  in  the  initial 
battery.  The  task  was  designed  to  measure  a  number  of  components  of  the 
visual  imagery  process,  and  each  subject's  performance  was  predicted  by  his 
performance  in  the  original  tasks.  In  the  14  cases  where  correlations  were 
expected  between  the  old  and  new  measures,  only  two  correlations  clearly 
failed  to  be  obtained;  and  in  the  12  cases  where  we  did  not  expect  to  find 
correlations,  only  2  were  in  fact  found.  The  results  supported  the 
fundamental  assumptions  made  earlier  about  image  processing,  and  also 


hinted  at  some  interesting  strategic  abilities  and  possible  "set"  effects 


Imagery  Ability  and  Task  Performance 

I 

Kosslyn,  Brunn,  Cave,  and  Wallach  (1982)  asked  whether  people  differ 
in  terms  of  a  general,  undifferentiated  imagery  ability  or  in  terms  of  a 
|  set  of  relatively  independent  abilities.  They  found  that  imagery  is  not  a 

single  ability  but  rather  is  based  on  a  collection  of  distinct  abilities. 
Further,  the  observed  relations  among  task  proficiencies  corresponded  well 
|  with  the  presumed  similarity  in  underlying  processing.  The  models  of  task 

processing  were  derived  from  the  Kosslyn  &  Shwartz  (see  Kosslyn,  1980) 
general  theory  of  imagery  representation  and  processing.  This  theory 
|  posits  a  fixed  set  of  structures  and  processes  ("components")  that  are  used 

t 

to  perform  any  given  imagery  task;  tasks  differ  in  terms  of  which 
components  are  used,  and  the  more  components  two  tasks  share,  the  more 
|  similar  the  proficiency  of  performance  was  found  to  be.  The  components 

Kosslyn  et  al.  examined  included  a  "visual  buffer”  in  which  images  occur 
(which  has  a  limited  extent,  and  a  grain),  a  FIND  process  that  classifies 
|  spatial  patterns  (images  proper)  as  depicting  specific  objects,  a 

REGENERATE  process  that  holds  an  image  in  the  buffer  over  time,  a  ROTATE 
process,  and  so  on  (see  Kosslyn  et  al.).  In  this  paper  we  examine  the 
generality  of  individual  differences  in  task  performance,  using  completely 
different  tasks  on  a  subset  of  the  subjects  tested  by  Kosslyn  et  al.  over  a 
year  after  the  original  testing. 

We  set  out  to  test  the  predictive  value  of  our  original  measures  by 
giving  some  of  our  earlier  subjects  new  tasks,  and  comparing  their 
performance  to  predictions  derived  from  our  old  measures.  We  wanted  a  new 
'  task  that  would  test  as  many  components  from  the  original  tasks  as 
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possible,  but  one  which  would  not  require  subjects  to  spend  six  hours  in 
testing,  as  did  the  original  battery.  We  devised  a  single  task  with  three 
varying  factors  to  assess  different  aspects  of  a  subject's  imagery  ability, 
and  supplemented  it  with  a  pencil-and-paper  task  to  complete  the 
assessment.  We  expected  scores  on  the  new  tasks  to  be  correlated  only  with 
the  earlier  scores  in  tasks  putatively  requiring  the  same  underlying 
processing. 

I.  Dots  Task 

Subjects  performing  the  dots  experiment  imaged  a  point  moving  through 
a  field  of  randomly  placed  dots.  Their  objective  was  to  determine  whether 
or  not  the  point  would  pass  through  any  of  the  dots.  To  perform  this  task 
a  subject  must  load  an  image  into  the  image  buffer,  execute  a  translation 
transformation  on  the  point,  and  examine  the  image.  Three  aspects  of  the 
task  were  manipulated:  the  size  of  the  dots  was  varied  to  test  visual 
acuity,  the  number  of  dots  was  varied  to  test  the  ability  to  maintain 
complex  images,  and  the  trajectory  of  the  moving  point  was  either  straight 
or  curved  to  measure  the  ability  to  perform  regular  guided  transformations. 
By  subtracting  the  time  or  errors  made  in  one  condition  (e.g.,  many  dots) 
from  the  other  (few  dots)  we  could  control  for  all  factors  but  those 
underlying  the  effects  of  the  particular  variation  being  examined  (e.g., 
ability  to  hold  large  amounts  of  information  in  an  image). 

Materials 

Fifty  six  slides  were  prepared,  each  displaying  a  different  pattern  of 
randomly  placed  dots.  Each  pattern  contained  from  one  to  seven  dots,  and 
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there  were  eight  patterns  with  each  quantity.  In  addition,  half  the 
patterns  contained  dots  one-quarter  inch  across  and  half  contained  dots 
one-half  inch  across.  Corresponding  to  each  dot  pattern  slide  were  four 
other  slides,  each  with  a  single  small  arrow  (which  was  to  be  superimposed 
on  the  dot  pattern).  The  position  and  orientation  of  the  arrow  varied  from 
slide  to  slide.  Half  of  the  arrows  were  straight,  and  half  were  curved, 
with  all  the  curved  arrows  being  an  arc  of  approximately  45  degrees  from  a 
3  3/4"  diameter  circle.  Half  of  each  type  of  arrow  were  positioned  so  that 
a  line  extending  from  the  arrow  in  the  direction  it  was  pointing  (a 
straight  line  for  the  straight  arrows,  a  curved  line  with  the  same  amount 
of  curvature  for  the  curved  arrows)  would  pass  through  the  center  of  one  of 
the  dots,  whereas  the  other  half  of  each  group  were  positioned  so  that  such 
an  extended  line  would  not  pass  through  a  dot,  but  rather,  through  a  point 
one-half  inch  away  from  the  outer  edge  of  a  dot. 

Two  computer-controlled  slide  projectors,  one  for  the  set  of  random 
dot  patterns  and  one  for  one  of  the  four  sets  of  corresponding  arrows,  were 
aimed  at  a  rear  projection  screen  so  that  their  displays  precisely 
overlapped.  The  subject  sat  in  front  of  this  screen  with  each  hand  resting 
on  a  telegraph  key,  the  one  under  the  dominant  hand  labeled  YES  and  the 
other  labeled  NO.  The  subject  sat  with  his  or  her  head  resting  on  a 
chinrest,  with  the  dot  display  subtending  7.5  degrees  of  visual  angle. 

Procedure 

A  trial  began  when  a  subject  was  presented  with  one  of  the  dot 
patterns.  The  subject  was  instructed  to  study  the  dots  until  he  or  she 
knew  the  pattern  well  enough  to  form  an  image  of  it,  and  then  to  press  the 


YES  key.  Then  the  dots  disappeared,  and  two  seconds  later  the 
corresponding  arrow  appeared.  As  quickly  as  they  could,  the  subjects  were 
to  decide  whether  or  not  a  point  extended  from  the  arrow  would  intersect 
any  of  the  dots,  and  press  the  YES  or  NO  key  accordingly.  The  subject  was 
to  image  the  point  flying  along  the  trajectory  specified  by  the  arrow, 
moving  as  quickly  as  possible  while  going  along  a  straight  line  or 
following  the  precise  curvature  of  the  arc  of  the  arrow.  The  response  and 
the  time  taken  to  make  it  were  recorded.  After  one  of  the  keys  was 
pressed,  the  arrow  disappeared,  and  five  seconds  later  the  next  trial 
began.  There  were  four  blocks  of  trials,  each  having  an  equal  number  of 
displays  in  all  possible  conditions;  each  pattern  of  dots  appeared  once  in 
each  block,  but  paired  with  a  different  arrow.  The  order  of  the  four 
blocks  was  counterbalanced  over  subjects. 

Subjects 

Of  the  50  subjects  who  completed  the  original  battery  of  individual 
differences  tasks  conducted  in  the  first  half  of  1980  (see  Kosslyn  et  al., 
1982),  14  were  available  in  the  summer  of  1981  to  participate  in  this 
follow-up  experiment.  Ten  were  female,  and  five  were  male.  They  ranged  in 
age  from  20  to  49.  Some  had  pursued  education  no  further  than  high  school, 
whereas  others  were  enrolled  in  a  graduate  program  (but  not  in  psychology). 

Results 

We  began  by  performing  two  analyses  of  variance,  examining  either  the 
error  rates  or  the  reaction  times  (only  times  from  correct  decisions); 
these  analyses  considered  the  possible  influence  of  number  of  dots,  size  of 
dots,  curvature  of  arrows,  and  whether  the  extended  line  hit  or  missed  a 
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dot.  As  is  evident  in  Table  1,  both  error  rates  and  reaction  times 
increased  when  more  dots  were  included  and  when  the  arrows  were  curved: 

For  number,  F(l, 13)“6.67,  p*.02  for  reactions  times,  and  F( 1 , 1 3)=8. 19, 
p=.01  for  errors;  for  curvature,  F( 1, 13)=19.81,  p<.001  for  reaction  times, 
and  F(l, 13)*21.03,  p<.001  for  errors.  Unexpectedly,  the  size  of  the  dots 
had  no  effect  on  either  measure,  F<1,  for  reaction  times,  F( 1 , 13)=1. 31 , 
p*. 27,  for  errors.  Subjects  made  more  false  misses  than  false  hits, 

F(l, 13)=4.77,  p*.048,  and  took  longer  to  respond  to  trials  which  should 
have  been  hits,  F( 1, 13)*4. 81,  p«.047.  No  interactions  among  times  in  the 
different  conditions  were  significant,  p>. 1  in  all  cases.  However,  when 
straight  arrows  were  used  there  were  more  errors  when  there  were  many  dots, 
whereas  the  curved  trials  were  already  so  difficult  that  the  number  of  dots 
made  no  difference,  F( 1, 13)*5.46,  p“.036.  Finally,  when  there  were  many 
large  dots,  subjects  were  more  likely  to  evaluate  a  miss  as  being  a  hit, 
but  the  number  of  false  misses  was  only  slightly  lower  for  a  few  small 
dots,  F(l,13)**4.97,  p«.044.  Aside  from  these  two  interactions,  the  effects 
of  each  manipulation  were  independent,  with  all  other  interactions  p>. 1. 


Insert  Table  1  About  Here 


The  analyses  of  primary  interest  all  involved  examining  difference 
scores.  The  variations  in  conditions  were  intended  to  tax  specific  aspects 
of  image  processing,  and  we  reasoned  that  the  difference  in  performance 
between  a  high  and  low  number  of  dots  would  reflect  image  maintenance 
ability,  the  difference  between  large  and  small  dots  would  reflect  image 
acuity,  and  the  difference  between  a  curved  and  straight  arrow  would 
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reflect  Image  transformation  ability.  And  in  fact,  almost  all  subjects 
reported  after  the  experiment  that  the  trials  with  small  dots,  many  dots, 
or  curved  arrows  were  more  difficult,  just  as  we  expected.  We  therefore 
expected  both  the  reaction  times  and  the  error  rates  to  be  higher  for  the 
more  difficult  trials  on  each  dimension,  and  this  was  true  in  the  curvature 
and  number  conditions  as  noted  above.  In  contrast,  neither  dependent 
measure  varied  systematically  with  variations  in  size  according  to  the 
analysis  of  variance.  Apparently  the  differences  between  the  sizes  was  not 
great  enough  to  affect  processing,  and  thus  we  ignored  this  manipulation  in 
all  subsequent  analyses. 

Thus,  for  each  subject  we  obtained  four  measures,  a  difference  between 
the  two  number  conditions  and  a  difference  between  the  two  arrow  conditions 
for  both  times  and  errors.  We  then  correlated  these  measures  with  the 
thirteen  measures  obtained  using  out  initial  task  battery.  Kosslyn  et  al. 
describe  specific  models  of  the  processing  being  tapped  by  each  of  these 
measures.  Given  these  models,  which  are  summarized  in  Table  2,  we  expected 
correlations  between  our  present  measures  and  just  those  previous  ones  that 
shared  the  processing  components  assessed  by  the  difference  score.  That 
is,  the  difference  score  was  assumed  to  reflect  the  efficiency  of  the 
components  taxed  more  heavily  in  one  condition  compared  to  the  other. 

The  more  efficient  the  components,  the  smaller  should  be  the  difference 
score.  For  example,  if  one  is  able  to  hold  many  dots  in  an  image  at  once, 
there  will  be  a  smaller  difference  in  errors  between  the  easy  and  hard 
number  conditions  than  if  one  is  not  able  to  hold  much  information  in  an 
image  at  once.  We  correlated  the  z_  scores  assigned  to  each  subject  for 
each  measure  in  our  earlier  te'»t  battery  with  the  difference  scores 
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obtained  here.  The  error  difference  score  used  here  is  simply  the 
difference  in  error  rates  between  the  easy  condition  (straight  line  or  few 
dots)  and  the  difficult  condition  (curved  line  or  many  dots);  the  time 
difference  score  is  the  difference  in  times  when  the  correct  decision  was 
made  in  the  respective  conditions.  The  results  of  this  analysis  are 
presented  in  Tables  3  and  4. 


Insert  Tables  2,  3  and  4  About  Here 


The  first  thing  to  notice  about  Table  3  is  that  the  number  difference 
scores  here  were  significantly  correlated  with  5  of  the  6  earlier  measures 
(either  errors  or  time)  that  reflected,  in  part,  subjects'  abilities  to 
hold  images  in  mind  over  a  period  of  time;  in  addition,  only  one  measure, 
the  VVIQ  test,  that  purportedly  did  not  reflect  this  ability  was  correlated 
with  the  present  measures.  A  closer  look  at  Table  3  reveals  an  expected 
result:  the  differences  in  error  rates  were  negatively  correlated  with  the 

earlier  measures.  In  the  initial  task  battery,  higher  z_  scores  reflect 
better  performance.  Here,  the  smaller  difference  scores  reflect  better 
performance.  That  is,  presumably  people  generally  found  it  easy 
to  maintain  a  small  number  of  dots,  and  differences  in  ability  were 
revealed  primarily  in  how  easily  larger  numbers  of  dots  could  be  held  in 
mind. 

In  contrast,  the  results  for  the  times  were  exactly  backwards  from 
what  we  expected:  now  larger  differences  were  positively  correlated  with  z 
scores.  In  other  words,  the  better  subjects  took  more  time  with  the  larger 
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number  of  dots.  This  surpris’.ng  finding  may  suggest  that  one  reason  the 
poor  subjects  are  poorer  is  that  they  try  to  go  to  quickly,  and  respond 
before  they  are  entirely  prepared.  These  people  were  not  simply  "jumping 
the  gun"  in  general,  however:  the  correlation  between  each  subjects' 
overall  time  and  error  rate  was  jr  =  -.02.  Thus,  the  most  straightforward 
account  of  the  disparity  in  signs  is  the  possibility  of  component-specific 
speed/accuracy  tradeoffs.  In  this  case,  a  person's  REGENERATE  component 
was  either  fast  and  relatively  inaccurate  or  slow  and  relatively  accurate 
with  large  numbers  of  dots.  It  is  important  to  note  that  this  would  not  be 
a  general  tradeoff,  but  would  be  specific  to  a  single  component.  This 
notion  is  intriguing  because  in  would  support  the  fundamental  claims  being 
made  here,  that  image  processing  is  accomplished  using  a  set  of  relatively 
independent  components,  and  that  people  differ  in  their  abilities  to  use 
these  components. 

Table  4  presents  the  correlation  with  the  arrow  shape  difference 
scores.  In  this  case,  the  difference  in  difficulty  between  scanning 
straight  and  scanning  an  arc  is  assumed  to  be  a  consequence  of  the  added 
difficulty  of  guiding  the  point  along  a  regular  curved  trajectory  in  the 
latter  condition.  This  operation  requires  a  more  precise  connection 
between  an  image  inspection  process  and  a  transformation.  In  the  earlier 
tasks  two  kinds  of  inspection  processes  were  purportedly  used  (the  FIND  and 
RESOLUTION  processes,  detecting  patterns  and  acuity  differences, 
respectively),  and  two  major  classes  of  transformation  were  used  (involving 
manipulating  an  image  or  adding  additional  parts  to  it).  In  the  present 
task,  the  difference  between  performance  in  the  conditions  is  purportedly 
due  to  how  well  the  FIND  process  directs  a  translation  process  (which  moves 


the  point  each  increment).  A  total  of  8  of  the  thirteen  original  measures 
purportedly  reflect  some  sort  of  inspection-guided  image  transformations, 
as  indicated  in  Table  2.  When  examining  Table  4,  note  first  that  only  1  of 
the  5  tasks  purportedly  not  incorporating  such  abilities  correlated  with 
either  of  our  difference  scores  (times  or  errors).  Further,  this  measure 
—  from  the  extent  task  —  was  the  only  positive  correlation  among  the  6 
significant  correlations  with  error  rate  differences.  Next,  note  that  5  of 
the  remaining  tasks  were  highly  correlated  and  two  more  were  marginally 
correlated  with  the  new  measures. 

In  fact,  only  2  of  the  13  measures  clearly  failed  to  be  correlated  or 
uncori. elated  as  expected.  Note  that  there  is  no  reason  to  expect  higher 
correlations  with  the  original  tasks  that  involved  movement 
transformations:  the  difference  score  techniques  used  here  effectively 

isolates  just  those  components  responsible  for  differences  between  the  two 
conditions,  which  involve  guiding  a  transformation.  As  is  also  evident  in 
Table  4,  the  times  were  positively  correlated  whereas  the  error  rates  were 
negatively  correlated,  again  suggesting  component-specific  speed/accuracy 
tradeoffs.  Unlike  the  number  results,  however,  we  now  found  a  tendency  for 
people  who  made  few  errors  with  straight  arrows  to  make  more  errors  with 
curved  ones,  and  vice  versa,  with  the  correlation  between  the  two 
conditions  being  r.  ■  -.48,  p<.05;  the  possible  implications  of  this  will  be 
discussed  shortly. 

In  summary,  of  the  14  cases  where  we  expected  correlations,  only  2 
clearly  failed  to  be  there;  and  of  the  12  cases  where  we  did  not  expect 
correlations,  only  2  were  observed. 
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Finally,  we  next  obtained  estimated  factor  scores  for  each  subject 
from  the  factor  analysis  performed  on  the  original  measures  (see  Kosslyn, 
et  al.),  and  correlated  these  scores  with  the  difference  scores  obtained 
here.  The  results  are  displayed  in  Tables  5  and  6.  (Not  surprisingly, 
none  of  the  size  differences  correlated  with  any  of  the  factors.)  The 
factors  were  previously  interpreted  as  reflecting  the  image  interpretation 
process  used  in  guiding  the  addition  of  new  parts  to  the  image  (Factor  1), 
the  degree  of  image  resolution  (Factor  2),  and  the  efficacy  of  the  image 
maintenance  process  (Factor  3);  the  other  factors  were  not  easily 
interpreted.  The  correlations  between  the  reaction  time  difference  for 
number  and  Factor  3  was  -.39,  which  is  only  marginally  significant,  whereas 
this  difference  was  clearly  correlated  with  Factor  2.  The  derived  factors 
were,  however,  related  as  expected  for  the  difference  in  curved  vs. 
straight  trajectories:  this  difference  correlates  negatively  with  Factor  1, 
which  seems  to  imply  that  people  who  are  good  at  using  the  interpretive 
process  to  add  parts  to  an  image  can  also  use  that  interpretive  process  to 
guide  the  path  of  a  moving  point. 


Insert  Tables  5  and  6  About  Here 


Discussion 

Considered  in  the  most  general  terms,  the  results  are  clearly 
consistent  with  our  expectations:  when  we  expected  correlations  with  our 
earlier  measures,  we  usually  got  them;  and  when  we  did  not  expect 
correlations,  we  usually  did  not  find  them.  There  were  some  unexpected 


aspects  of  the  results,  however.  We  initially  expected  that  everyone  would 
do  well  in  the  "easy"  conditions  (small  numbers  of  dots  or  straight  arrow) 
whereas  only  some  people  would  do  well  in  the  "difficult"  conditions.  In 
fact,  people  showed  great  variability  in  the  easy  conditions.  This 
observation  underscores  a  basic  finding  of  Kosslyn  et  al.:  average  people 
are  generally  very  poor  at  imagery  operations.  A  striking  example  of  this 
was  the  fact  that  Cooper's  (1975)  college  population  subjects  rotated 
images  about  three  times  as  fast,  on  average,  as  did  our  subjects,  who  were 
recruited  via  a  newspaper  advertisement.  A  second  surprise  was  the 
tendency  to  find  negative  correlations  with  error  rates  while  finding 
positive  ones  with  times,  suggesting  a  speed/accuracy  tradeoff.  This 
possibility  was  interesting  because  it  seemed  to  be  component-specific; 
people  were  lot  generally  being  fast  and  inaccurate  —  if  they  had  been, 
the  times  should  generally  have  been  inversely  related  to  error-rates, 
which  they  were  not.  Such  component-specific  tradeoffs  suggest  a  great 
deal  of  independence  in  the  operation  of  the  components  and  also  suggest 
that  people  may  have  strategic  control  over  the  operation  of  specific 
processing  components. 

Perhaps  the  most  striking  unexpected  trend  in  the  results  was  the 
tendency  for  people  who  had  high  error  rates  for  curved  arrows  to  have  low 
error  rates  with  straight  ones  and  vice  versa.  Although  this  correlation 
was  not  quite  significant,  it  suggests  that  people  adopt  a  specific 
strategy  which  is  difficult  to  "break  out  of."  And  people  able  to  do  so 
prefer  to  guide  the  point  along  a  non-linear  trajectory.  If  in  fact  such 
strategies  are  difficult  to  change,  and  if  people  tend  to  adopt  a  strategy 
based  on  their  own  underlying  competences,  then  there  these  results  may 
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have  important  implications  for  training  air  traffic  controllers.  It  is 
unclear  whether  this  "set"  effect  actually  exists  in  general  and  if  it  can 
be  eliminated  by  training,  but  these  seem  to  be  important  issues  for  future 
research. 

II.  Shapes  Task 

The  geometric  shapes  task  was  a  pencil-and-paper  test  designed  to 
measure  a  subject's  ability  to  construct  an  image  from  verbal  instructions. 
Our  subjects  completed  the  shapes  test  halfway  through  the  dots  experiment, 
between  the  second  and  third  blocks  of  trials.  The  results  in  this  task 
were  expected  to  be  correlated  with  scores  on  measures  in  the  initial  task 
battery  that  reflected  image  generation  components. 

Methods 

On  each  trial,  the  subject  formed  an  image  of  a  configuration  of 
simple  geometric  shapes  from  a  verbal  description.  Questions  about  the 
spatial  relationships  among  the  components  of  the  image  tested  his  or  her 
ability  to  c  .struct  and  use  the  image. 

Materials 

The  geometric  shapes  used  in  this  experiment  were  a  rectangle  1  1/2"  x 
3",  a  circle  2  1/2"  in  diameter,  and  a  right  triangle  2"  x  4"  x  4.5".  We 
composed  ten  different  scenes  containing  these  items,  with  the  three  shapes 
touching  but  not  overlapping,  and  wrote  a  description  of  each 
configuration.  We  also  prepared  two  true  and  two  false  assertions  about 
the  spatial  relationships  between  the  shapes  in  that  particular 


configuration.  An  example  of  one  configuration  can  be  seen  in  Figure  1, 
with  its  description  and  corresponding  questions  in  Table  7. 


Insert  Figure  1  and  Table  7  About  Here 


Procedure 

The  subjects  were  first  given  examples  of  the  three  shapes  cut  out  of 
black  cardboard.  They  were  to  handle  and  study  them  for  as  long  as  they 
liked,  and  then  we'  e  instructed  to  pay  close  attention  to  the  relationships 
between  the  sizes  of  the  shapes.  When  a  subject  felt  that  he  or  she  was 
very  familiar  with  the  shapes,  the  shapes  were  returned  to  the  experimenter 
and  the  subject  was  given  a  booklet  containing  the  ten  descriptions,  each 
on  a  separate  page.  Each  description  was  immediately  followed  by  another 
page  containing  the  four  corresponding  true-false  question  about  the 
configuration.  At  the  very  beginning  of  the  booklet  was  a  description  and 
a  page  of  four  corresponding  questions  for  a  practice  configuration.  The 
subjects  were  not  allowed  to  see  the  shapes  after  they  had  received  the 
booklet,  and  they  were  instructed  not  to  draw  any  pictures  of  the 
configurations  so  that  they  would  have  to  rely  on  their  ability  to  image 
the  shapes  in  the  described  configuration  to  answer  the  questions.  The 
subjects  were  allowed  as  much  time  as  necessary  to  complete  the  questions. 
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Subjects 

Of  the  14  subjects  who  participated  in  the  dots  experiment,  all 
completed  the  questions,  although  some  reported  that  the  task  was  very 
difficult.  One  subject's  scores  were  excluded  from  the  results  because  he 
made  drawings  of  the  configurations  in  the  booklet,  despite  instructions  to 
the  contrary. 

Results 

Each  subject  received  a  score,  which  was  the  number  of  questions 
answered  correctly.  The  maximum  possible  score  was  40.  The  highest  score 
among  our  subjects  was  37,  and  the  lowest  was  20.  We  began  by  correlating 
these  scores  with  the  original  measures,  just  as  we  did  with  the  difference 
scores  obtained  in  the  dots  experiment.  These  correlations  are  presented 
in  Table  8.  Because  higher  scores  reflect  better  performance  on  both  the 
shapes  task  and  the  earlier  task  battery  measures  we  expected  positive 
correlations  between  the  shapes  score  and  measures  reflecting  image 
generation  ability.  This  was  not  found.  In  fact,  the  difficulty  in 
answering  questions  about  the  shapes  seemed  to  lie  primarily  in  the 
difficulty  in  holding  the  image  over  time — as  reflected  by  the  correlations 
with  the  line  drawing  scores  and  form  board  test,  both  of  which  fell  into  a 
cluster  reflecting  image  maintenance  capacity  in  the  Kosslyn  et  al. 
analyses.  In  addition,  some  difficulty  may  have  been  due  to  differences  in 
image  acuity;  however,  the  correlations  with  the  acuity  and  extent  measures 
were  only  marginally  significant. 

We  next  correlated  the  shapes  scores  with  the  estimated  factor  scores 
from  the  factor  analysis.  The  results  are  presented  in  Table  9. 


The  only  significant  correlation  is  between  shapes  scores  and  Factor  2, 


which  is  associated  with  the  RESOLUTION  component.  This  correlation  is 
very  high,  and  buttresses  our  inference  that  the  acuity  of  a  subject's 
image  was  one  factor  affecting  performance  on  this  task. 


Insert  Tables  8  and  9  About  Here 


Discussion 

Our  failure  to  find  correlations  with  the  Described  Scenes  measure  was 
surprising,  given  that  both  tasks  involved  using  descriptions  to  arrange 
image  scenes.  The  earlier  measure  was  based  on  how  well  subjects  could 
arrange  4  objects  in  an  image,  and  then  scan  between  them.  However, 

Kosslyn  et  al.  discovered  that  a  major  constraint  on  the  accuracy  of  the 
scores  was  the  available  extent  of  the  image  "space."  Some  people  had  only 
a  few  degrees  of  visual  angle  that  were  clear  in  a  mental  image.  Thus,  our 
earlier  measure  did  not  tap  what  we  had  intended.  This  was,  however,  not 
realized  until  after  the  present  experiment  was  completed  —  we  did  not 
want  to  risk  demand  characteristic  effects  by  knowing  in  advance  what  were 
the  previous  results.  Given  the  nature  of  the  task,  requiring  subtle 
spatial  judgments,  it  is  interesting  that  the  main  constraints  on 
performing  this  task  were  a  subject's  ability  to  hold  information  in  the 
image  over  time  on  tasks  when  line  drawings  were  stimuli  (as  was  true  in 
the  line  drawing  and  form  board  tasks  used  earlier)  and  image  acuity. 


General  Discussion 


Two  conclusions  can  be  drawn  from  these  results:  First,  people  do 
differ  in  terms  of  specific  underlying  imagery  components;  we  did  not  find 
that  subjects  generally  did  poorly  or  well  in  all  conditions.  Second,  the 
patterns  of  correlations  provide  good  evidence  that  such  individual 
differences  persist  for  at  least  a  year  and  generalize  across  very 
different  tasks.  In  fact,  our  present  measures  were  so  different  from  the 
ones  used  in  the  task  battery  that  it  is  impressive  that  we  found  any 
interpretable  relations  among  scores  from  such  a  small  number  of  subjects. 

The  present  results,  although  encouraging,  were  by  no  means  perfect. 

We  found  positive  correlations  with  time  where  we  did  not  expect  them  and 
we  sometimes  failed  to  find  expected  correlations.  One  reason  offered 
above  for  the  reverse  correlations  was  possible  "component-specific" 
speed/accuracy  tradeoffs.  In  addition,  the  previous  task  battery  did  not 
assess  performance  on  individual  components,  but  only  on  tasks  utilizing 
sets  of  at  least  three  (and  as  many  as  5)  components.  Thus,  our  failures 
may  reflect  the  fact  that  some  of  the  components  interacted  with  or  were 
overshaddowed  by  others  in  the  previous  tasks.  In  order  to  investigate  the 
possibility  of  strategic  control  over  the  operation  of  specific  components, 
and  to  test  the  existence  and  generalized  effects  of  these  components,  we 
need  a  new  set  of  tasks:  Performance  on  these  tasks  must  primarily  reflect 
the  efficacy  of  one  and  only  one  component,  with  differing  tasks  being 
designed  to  assess  different  processing  components.  We  are  now  developing 
such  a  battery,  and  will  describe  its  properties  in  a  subsequent  technical 


report 


Table  2.  Components  in  models  for  the  tasks. 


Components  in  Factors  in 

Kosslyn  &  Shwartz  Models3  Commonsense  Theory 


ACUITY 

RS  +  1  +  r  +  pan 

v  +  c 

OBLIQUE 

RS  +  r  +  rot  +  f 

m  +  v 

+  c 

EXTENT 

RS  +  1  +  r  +  trns 

V  +■  c 

REORG  PT 

F  +  P  +  R 

s  +  m 

+  V 

NONREORG  PT 

F  +  P  +  R 

s  +  m 

+  V 

GEN  SLOPE 

F  +  P  +  PUT 

s 

REORG  TIME 

F  +  PARSE  +  R  +  P 

s  +  V 

+  c 

DES  SCENE 

PUT  +  SCN  +  f  +  r  +  p 

m  +  c 

ROT  SLOPE 

F  +  ROT  +  1 

s  +  c 

LINE  DR  PT 

F  +  R  +  SCN 

s  +  m 

+  c 

LINE  DR  NO 

R  +  put  +  f  +  p 

m 

FORM  BOARD 

R  +  F  +  TRNS  +  ROT  +  1 

s  +  m 

+  V 

VVIQ 

RS  +  P  +  put  +  r  +  f 

V 

Note  a.  Capitol  letters  in  the  Kosslyn  &  Shwartz  models  indicate  that  a  component 
was  weighted.  The  abbreviations  used  are  as  follows:  rs:  RESOLUTION; 

1:  LOAD;  r : REGENERATE :  pan:  PAN;  rot:  ROTATE;  f:  FIND;  trns:  TRANSLATE; 
p: PICTURE;  put:  PUT;  parse:  PARSE;  sen: SCAN. 

Note  b.  The  abbreviations  used  are  as  follows:  v:vividness;  m:  memory  capacity; 
s:  speed;  c:  control  (of  transformations). 
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Table  3  .  Correlations 

between  original  measures 

and  number  differences 

With 

significance  levels. 

r  • 

TIME 

ERRORS 

*ACUITY 

0.4650 

-0.4433 

P=0.047 

P-0.056 

*OBLIQUE 

0.2420 

-0.4610 

P=0.202 

P-0.049 

m 

; ■ 

*EXTENT 

0.0611 

-0.1912 

P=0.418 

P-0.256 

REORG  PROBES 

0.3695 

0.1241 

>/■ 

P=0 .097 

P-0.336 

Sr 

NON  REORG  PROBES 

0.2408 

0.2447 

P-0.204 

P-0.200 

i  _■ . 

GENERATION  SLOPE 

0.1242 

0.1436 

P=0.336 

P-0.312 

n 

REORGANIZATION  TIME 

0.1051 

0.1760 

P-0.360 

P-0.274 

r.’ 

DESCRIBED  SCENES 

-0.0220 

-0.0520 

P=0.470 

P-0.430 

g 

ROTATION  SLOPE 

-0.0182 

0.2428 

r. 

P=0.475 

P-0.202 

*LINE  DRAWING  TIMES 

0.5253 

-0.0153 

P-0.027 

P-0.479 

*LINE  DRAWING  SCORE 

0.6370 

-0.0821 

P=0.007 

P-0.390 

*FORIi  BOARD 

0.5525 

-0.0363 

„ 

P-0.020 

P-0.451 

■ 

WIQ 

0.1315 

-0.4638 

r 

P-0.327 

P-0.047 

I  *Indicates  tasks  in  which  an  image  theoretically  was  maintained  over 

f#  time  using  the  REGENERATE  process. 


Table  4.  Correlations  between  original  measures  and 
With  significance  levels. 


TIME 

ACUITY 

0.2085 
P=0 .237 

♦OBLIQUE 

0.4391 

P=0.058 

EXTENT 

-0.2240 

P=0.221 

*RE0RG  PROBES 

0.3263 
P=0. 127 

*N0N  REORG  PROBES 

0.5431 

P=0.022 

♦GENERATION  SLOPE 

0.4869 

P=0.039 

♦REORGANIZATION  TIME 

0.4214 

P=0.067 

♦DESCRIBED  SCENES 

0.4229 

P=0.066 

♦ROTATION  SLOPE 

0.2000 

P=0.246 

LINE  DRAWING  TIMES 

-0.2246 

P=0.220 

LINE  DRAWING  SCORE 

0.0177 

P=0.476 

♦FORM  BOARD 

0.0896 
P=0. 380 

VVIQ 

-0.1202 

P=0.341 

curve  differences. 


ERRORS 

-0.0900 
P=0. 380 

-0.1508 
P=0. 303 

0.7666 

P=0.001 

-0.4554 
P=0 . 05 1 

-0.5979 

P=0.012 

-0.6203 

P=0.009 

-0.4965 
P=0 .035 

0.2611 
P=0. 184 

-0.4833 

P=0.040 

-0.2993 
P=0. 149 

0.0331 

P=0.455 

0.2422 

P=0.202 

-0.0950 

P=0.373 


♦Indicates  that  the  task  theoretically  requires  using  the  FIND  process 
to  guide  a  transformation. 


TableS.  Correlations  between  factors  and  number  differences. 

With  significance  levels. 


TIME 

ERRORS 

FACTOR 

1 

0.1842 

0.2119 

P=0.264 

P=0. 234 

FACTOR 

2 

0.3948 

0.6160 

P=0.081 

P=0.009 

FACTOR 

3 

-0.1885 

-0.3867 

P=0.259 

P-0.086 

FACTOR 

4 

-0.0685 

-0.0813 

P=0.408 

P=0.391 

FACTOR 

5 

0.2339 

0.2687 

P=0.210 

P=0. 176 

Table  6.  Correlations  between  factors  and  curve  differences. 

With  significance  levels. 


TIME 

ERRORS 

FACTOR  1 

0.4530 

-0.6542 

P=0.052 

P=0.006 

FACTOR  2 

0.1655 

0.1689 

P=0.286 

P=0.282 

FACTOR  3 

0.3397 

0.3555 

P=0 .117 

P=0. 106 

FACTOR  4 

-0.3819 

0.7957 

P=0.089 

P=0.00l 

FACTOR  5 

0.2960 

-0.2166 

P=0. 152 

P=0.228 

Table  7.  Example  of  questions  asked  about  images  of  geometric  forms. 


1.  The  top  of  the  circle  extends  above  the  midpoint  of  the  rectangle  T  F 

2.  The  rectangle  extends  below  the  triangle  T  F 

3.  The  rectangle  extends  below  the  circle  T  F 

4.  The  triangle  extends  beyond  the  right  of  the  circle  T  F 
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Table  8  .  Correlations  between  original  measures  and  shapes  task. 

With  significance  levels. 


SHAPES 

ACUITY 

-0.4232 

P=0.075 

OBLIQUE 

0.2890 
P=0. 169 

EXTENT 

0.4383 

P=0.067 

*RE0RG  PROBES 

0.2358 

P=0.219 

*N0N  REORG  PROBES 

0.3160 
P=0. 146 

♦GENERATION  SLOPE 

-0.0240 

P=0.469 

♦REORGANIZATION  TIME 

0.0488 

P«0.437 

♦DESCRIBED  SCENES 

-0.0332 

P=0.457 

ROTATION  SLOPE 

0.0284 

P=0.463 

♦LINE  DRAWING  TIMES 

0.3372 
P=0. 130 

♦LINE  DRAWING  SCORE 

0.7824 

P=0.001 

FORM  BOARD 

0.8607 

P=0.001 

♦WIQ 

-0.0134 
P=0 .483 

4 


indicates  that  the  task  theoretically  involves  image  generation  ability. 


Table  S.  Correlations  between  factors  and  shapes  task. 

With  significance  levels. 


SHAPES 

FACTOR 

1 

0.1363 

P=0.328 

FACTOR 

2 

0.8728 

P=0.001 

FACTOR 

3 

-0.1037 

P=0.368 

FACTOR 

4 

0.2286 

P=0.226 

FACTOR 

5 

0.2123 

P=0.243 

Figure  Captions 


Figure  1.  The  configuration  that  should  have  been  imaged  when  subjects  read 
the  following  description: 

Place  the  rectange  upright. 

Place  the  triangle  on  its  side  facing  up,  with  the  shortest 
side  of  the  triangle  against  the  right  side  of  the  rectangle, 
so  that  the  uppermost  point  on  the  triangle  is  even  with  the 
top  of  the  rectangle. 

Place  the  circle  on  the  right  side  of  the  rectangle,  under  the 
triangle,  so  that  it  touches  both  of  them. 
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1  Dr.  Peter  Kincaid 

Training  Analysis  A  Evaluation  Group 
Dept,  of  the  Navy 
Orlando,  FL  32813  ' 

1  Dr.  Leonard  Kroeker 
Navy  Personnel  RAD  Center 
San  Diego,  CA  92152 

1  Dr.  James  Lester 
0NR  Detachment 
495  Summer  Street 
Boston,  MA  02210 

1  Dr.  William  L.  Maloy 

Principal  Civilian  Advisor  for 
Education  and  Training 
Naval  Training  Command,  Code  00A 
Pensacola,  FL  32509 

1  Dr.  James  McBride 
Navy  Personnel  RAD  Center 
San  Diego,  CA  92152 
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1  Dr.  George  Moeller 

Director,  Behavioral  Sciences  Dept. 

Naval  Submarine  Medical  Research  Lab 
Naval  Submarine  Base 
Groton,  CT  63409 

1  Dr  William  Montague 
NPRDC  Code  13 
San  Diego,  CA  92152 

1  Naval  Ocean  F4D  Agency 
NS7L  Station 

Attn:  LCDR  J.  D.  McKendrick 
Code  335 

Bay  St.  Louis.  MO  39529 

1  Technical  Director 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  Office  of  Naval  Research 
Code  433 

800  N.  Quincy  SStreet 
Arlington,  VA  22217 

1  Office  of  Naval  Research 
Code  441NP 

800  II.  Quincy  Street 
Arlington,  VA  22217 

6  Personnel  &  Training  Research  Group 
Code  442PT 

Office  of  Naval  Research 
Arlington,  VA  22217 

1  Office  of  the  Chief  of  Naval  Operations 
Research  Development  4  Studies  Branch 
OP  115 

Washington,  DC  20350 

1  Daira  Paulson 

Code  14  -  Training  Systems 
Mavy  Personel  R4D  Center 
San  Diego,  CA  92152 

1  LT  Frank  C.  Petho,  MSC,  USN  (Ph.D) 

CHET  (N-432) 

NAS 

Pensacola,  FL  32508 
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Navy 

1  Dr.  Gary  Poock 

Operations  Research  Department 
Code  55PK 

Naval  Postgraduate  School 
Monterey,  CA  93940 

1  Dr.  Bernard  Rimland  (01C) 

Navy  Personnel  R4D  Center 
San  Diego,  CA  92152 

1  Dr.  Worth  Scanland 
CNET  (N-5) 

NAS,  Pensacola,  FL  32503 

1  Mr.  Irving  Schiff 
Dept,  of  the  Navy 
Chief  of  Naval  Operations 
OP  113 

Washington,  DC  20350 

1  Dr.  San  Schiflett 
Aircrew  Systems  (SY70E) 

Naval  Air  Test  Center 
Patuxent  River,  MD  20670 

1  Dr.  Robert  G.  Smith 
Office  of  Chief  of  Naval  Operations 
OP-987H 

Washington,  DC  20350 

1  Dr.  Alfred  F.  Sraode,  Director 
Training  Analysis  4  Evaluation  Group 
Dept,  of  the  Navy 
Orlando,  FL  32813 

1  Dr.  Richard  Sorensen 
Navy  Personnel  R4D  Center 
San  Diego,  CA  92152 

1  Dr.  Frederick  Steinheiser 
CHO  -  0P115 
Mavy  Annex 
Arlington,  VA  20370 

1  W.  Gary  Thomson 

Naval  Ocean  Systems  Center 
Code  7132 

San  Diego,  CA  92152 

1  Roger  Weissinger-Baylon 

Department  of  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  CA  93940 
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1  Dr.  Ronald  Ueitanan 
Code  54  WZ 

Department  of  Administrative  Sciences 
U.  S.  Naval  Postgraduate  School 
Monterey.  CA  93940 

1  Dr.  Douglas  Wetzel 
Code  12 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1  Mr  John  K.  Wolfe 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 


1  H.  William  Greenup 

Education  Advisor  (E031) 
Education  Center,  MCDEC 
Quantico,  VA  22134 

1  Special  Assistant  for  Marine 
Corps  Matters 
Code  100M 

Office  of  Naval  Research 
800  N.  Quincy  St. 

Arlington,  VA  22217 

1  DR.  A.L.  SLAFKOSKY 

SCIENTIFIC  ADVISOR  (CODE  RD-1) 
HQ,  U.S.  MARINE  CORPS 
WASHINGTON.  DC  20380 
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Air  Force 


1  Technical  Director 

U.  S.  Army  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Beatrice  J.  Farr 

U.  S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22 333 


1  AFHRL/LRS 

Attn:  Susan  Ewing 
WPAFB 

WPAFB,  OH  M5U33 

1  U.S.  Air  Force  Office  of  Scientific 
Research 

Life  Sciences  Directorate,  NL 
Bolling  Air  Force  Base 
Washington,  DC  20332 
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1  Dr.  Marshall  Narva 

US  Army  Research  Institute  for  the 
Behavioral  A  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Harold  F.  O'Neil,  Jr. 

Director,  Training  Research  Lab 
Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Joseph  Psotka 

Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Robert  Sasmor 

U.  S.  Array  Research  Institute  for  the 
Behavioral  and  Social  Sciences 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Dr.  Robert  Wisher 

Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


1  Air  University  Library 
AUL/LSE  7*/443 
Maxwell  AFB,  AL  3*112 

1  Dr.  Earl  A.  Alluisi 
HO,  AFHRL  (AFSC) 

Brooks  AFB.  7X  78235 

1  Mr.  Raymond  E.  Christal 
AFHRL/KOE 

Brooks  AFB,  TX  78235 

1  Dr.  Alfred  R.  Fregly 
AFOSR/NL 

Bolling  AFB,  DC  20332 

1  Dr.  Genevieve  Haddad 
Program  Manager 
Life  Sciences  Directorate 
AFOSR 

Bolling  AFB.  DC  20332 

1  Dr.  David  R.  Hunter 
AFHRL/MO 

Brooks  AFB,  TX  78235 

1  Dr.  T.  M.  Longridge 
AFHRL/OTGT 

Williams  AFB,  AZ  85224 

1  Dr.  Joseph  Yasatuke 
AFHRL/0T 

Williams  AFB,  AZ  58224 
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Department  of  Defense 

12  Defense  Technical  Information  Center 
Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 
Attn:  TC 

1  Military  Assistant  for  Training  and 
Personnel  Technology 

Office  of  the  Under  Secretary  of  Defens 
for  Research  &  Engineering 
Room  30129,  The  Pentagon 
Washington,  DC  20301 

1  Major  Jack  Thorpe 
DARPA 

1400  Wilson  Blvd. 

Arlington,  VA  22209 


Civilian  Agencies 

1  Dr.  Patricia  A.  Butler 
NIE-BRN  Bldg,  Stop  9  7 
1200  19th  St.,  NW 
Washington,  DC  20208 

1  Dr.  Paul  G.  Chapin 
Linguistics  Program 
National  Science  Foundation 
Washington,  DC  20550 

1  Dr.  Susan  Chipman 

Learning  and  Development 
National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1  Dr.  John  Mays 

National  Institute  of  Education 
1200  19th  Street  NW 
Washington,  DC  20208 

1  Dr.  Arthur  Melmed 
OERI 

12C0  19th  Street  NW 
Washington,  DC  20208 

1  Dr.  Andrew  R.  Molnar 

Office  of  Scientific  and  Engineering 
Personnel  and  Education 
National  Science  Foundation 
Washington,  DC  20550 

1  Dr.  Judith  Orasanu 

National  Institute  of  Education 
1200  19th  St.,  N.W. 

Washington,  DC  20208 

1  Dr.  Ramsay  W.  Selden 

National  Institute  of  Education 
1200  19th  St.,  NW 
Washington,  DC  20208 

1  Chief,  Psychological  Reserch  Branch 
U.  S.  Coast  Guard  (G-P-1 /2/TP42) 
Washington,  DC  20593 

1  Dr.  Frank  Withrow 

U.  S.  Office  of  Education 
400  Maryland  Ave.  SW 
Washington,  DC  20202 
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1  Dr.  Joseph  L.  Young,  Director 
Memory  &  Cognitive  Processes 
National  Science  Foundation 
Washington,  DC  20550 


1  Dr.  John  R.  Anderson 
Department  of  Psychology 
Carnegie-Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  John  Annett 

Department  of  Psychology 
University  of  Warwick 
Coventry  CV4  7AJ 
ENGLAND 


1  Dr.  Michael  Atwood 
Bell  Laboratories 
11900  North  Pecos  St. 

Denver,  CO  80234 

1  Psychological  Research  Unit 
Dept,  of  Defense  (Army  Office) 
Campbell  Park  Offices 
Canberra  ACT  2i:00 
AUSTRALIA 

1  Dr.  Alan  Baddeley 
Medical  Research  Council 
Applied  Psychology  Unit 
15  Chaucer  Road 
Cambr idge  CB2  2EF 
ENGLAND 

1  Dr.  Patricia  Baggett 
Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80309 

1  Dr.  Jonathan  Baron 
80  Glenn  Avenue 
Berwyn,  PA  19312 

1  Dr.  Jackson  Beatty 
Department  of  Psychology 
University  of  California 
Los  Angeles,  CA  90024 

1  Dr.  Isaac  Be jar 

Educational  Testing  Ser  ice 
Princeton,  NJ  08450 

1  Dr.  John  Black 
Yale  University 
Box  11 A,  Yale  Station 
Hew  Haven,  CT  065 20 
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1  Dr.  R.  Darrel  Bock 
Department  of  Education 
University  of  Chicago 
Chicago.  IL  6C637 

1  Dr.  Lyle  Bourne 

Department  of  Psychology 
University  of  Colorado 
Boulder.  CO  80309 

1  Dr.  John  S.  Brown 

XEROX  Palo  Alto  Research  Center 
3333  Coyote  Road 
Palo  Alto,  CA  94304 

1  Bundministerium  der  Verteidigung 
-Referat  P  II  4- 
Psychological  Service 
Postfach  1328 
D-5300  Bonn  1 
F.  R.  of  Germany 

1  Dr.  Pat  Carpenter 

Department  of  Psychology 
Carnegie-Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  John  B.  Carroll 
409  Elliott  Rd. 

Chapel  Hill,  NC  2751 4 

.  1  Dr.  William  Chase 

Department  of  Psychology 
Carnegie  Mellon  University  - 
Pittsburgh.  PA  15213 

1  Dr.  Michel ine  Chi 
Learning  R  &  D  Center 
University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh.  PA  15213 

1  Dr.  Michael  Cole 

University  of  California 
at  San  Diego 

Laboratory  of  Comparative 
Human  Cognition  -  D003A 
La  Jolla,  CA  92093 

1  Dr.  Allan  M.  Collins 
Bolt  Beranek  A  Newman,  Inc. 

50  Moulton  Street 
Cambridge,  MA  02138 


1  Dr,  Lynn  A.  Cooper 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1  Dr.  Kenneth  B.  Cross 
Anacapa  Sciences,  Inc. 

P.0.  Drawer  Q 

Santa  Barbara,  CA  93102 

1  Dr.  Diane  Danos 

Arizona  State  University 
Department  of  Psychology 
Tempe,  AZ  85287 

1  LC0L  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSONNEL  APPLIED  RESEAR 
NATIONAL  DEFENCE  HQ 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A 

1  Dr.  Jeffrey  Elman 

University  of  California,  San  Diego 
Department  of  Linguistics 
La  Jolla.  CA  92093 

1  Dr.  Paul  Feltovich 

Department  of  Medical  Education 
Southern  Illinois  University 
School  of  Medicine 
P.O.  Box  3925 
Springfield,  IL  62708 

1  Professor  Reuven  Feuerstein 
HV/CRI  Rehov  Karmon  6 
Bet  Hakerem 
Jerusalem 
Israel 

1  Mr.  Wallace  Feurzeig 

Department  of  Educational  Technology 
Bolt  Beranek  &  Newman 
10  Moulton  St. 

Cambridge,  MA  02238 

1  Dr.  Victor  Fields 
Dept,  of  Psychology 
Montgomery  College 
Rockville,  MD  20850 
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1  Univ.  Prof-  Dr.  Gerhard  Fischer 
Liebiggasse  5/3 
A  1010  Vienna 
AUSTRIA 

1  Dr.  Dexter  Fletcher 
WICAT  Research  Institute 
1875  S.  State  St. 

Orem,  UT  22333 

1  Dr.  John  R.  Frederiksen 
Eolt  Beranek  &  Newnan 
50  Moulton  Street 
Cambridge,  MA  02138 

1  Dr.  Alinda  Friedman 

Department  of  Psychology 
University  of  Alberta 
Edmonton,  Alberta 
CANADA  TfG  2E9 

1  Dr.  Robert  Glaser 

Learning  Research  &  Development  Center 
University  of  Pittsburgh 
3939  O'Hara  Street 
PITTSBURGH,  PA  15260 

1  Dr.  Marvin  D.  Clock 
217  Stone  Hall 
Cornell  University 
Ithaca,  NY  14853 

1  Dr.  Josph  Goguen 
SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

1  Dr.  Daniel  Gopher 
Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1  DR.  JAMES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O’HARA  STREET 
PITTSBURGH,  PA  15213 


1  Dr.  Harold  Hawkins 
Department  of  Psychology 
I  University  of  Oregon 

Eugene,  OR  97403 
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1  Dr.  Barbara  Hayes-Roth 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  95305 

1  Dr.  Frederick  Hayes-Roth 
Teknowledge 
525  University  Ave. 

Palo  Alto,  CA  94301 

1  Dr.  James  R.  Hoffman 
Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 

1  Dr.  Kristina  Hooper 
Clark  Kerr  Hall 
University  of  California 
Santa  Cruz,  CA  95060 

1  Glenda  Greenwald,  Ed. 

Human  Intelligence  Newsletter 
P.  0.  Box  1163 
Birmingham,  MI  48012 

1  Dr.  Lloyd  Humphreys 
Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1  Dr.  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  98105 

1  Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 

1  Dr.  Scott  Kelso 
Haskins  Laboratories,  Inc 
270  Crown  Street 
New  Haven,  CT  065 10 

1  Dr.  David  Kieras 
Department  of  Psychology 
University  of  Arizona 
Tuscon,  AZ  85721 

1  Dr.  Vial  ter  Kintsch 
Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 
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1  Dr.  Pat  Langley 

Carnegie-Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Harcy  Lansman 

The  L.  L.  Thurstone  Psychometric 
Laboratory 

University  of  North  Carolina 
Davie  Hall  013A 
Chapel  Hill,  NC  27514 

1  Dr.  Jill  Larkin 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Alan  Lesgold 
Learning  R&D  Center 
University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15260 

1  Dr.  Jim  Levin 
University  of  California 
at  San  Diego 

Laboratory  fof  Comparative 
Human  Cognition  -  D003A 
La  Jolla,  CA  92093 

1  Dr.  Robert  Linn 

College  of  Education 
University  of  Illinois 
Urbana,  IL  61801  / 

1  Dr.  Jay  McClelland 

Department  of  Psychology 
MIT 

Cambridge,  MA  02139 

1  Dr.  James  R.  Miller 
Texas  Instruments,  Inc. 

Central  Research  Laboratory 
P.  0.  Box  226015,  MS23B 
Dallas,  TX  75266 

1  Dr.  Allen  Munro 

Behavioral  Technology  Laboratories 
1845  Elena  Ave.,  Fourth  Floor 
Redondo  Beach,  CA  90277 

1  Dr.  Donald  A  Norman 
Cognitive  Science,  C-015 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 


1  Committee  on  Human  Factors 
JH  811 

2101  Constitution  Ave.  NW 
Washington,  DC  20418 

1  Dr.  Jesse  Orlansky 

Institute  for  Defense  Analyses 
1801  N.  Beauregard  St. 
Alexandria,  VA  22311 

1  Dr.  James  A.  Paulson 

Portland  State  University 
P.0.  Box  751 
Portland,  OR  97207 

1  Dr.  James  W.  Pellegrino 
University  of  California, 

Santa  Barbara 
Dept,  of  Psychology 
Santa  Barabara,  CA  93106 

1  Dr.  Nancy  Pennington 
University  of  Chicago 
5801  S.  Ellis  Avenue 
Chicago,  IL  60637 

1  Mr.  L.  Petrullo 

2431  N.  Edgewood  Street 
ARLINGTON.  VA  22207 

1  Dr.  Martha  Poison 

Department  of  Psychology 
Campus  Pox  346 
University  of  Colorado 
Boulder,  CO  80309 

1  DR.  PETER  P0LS0N 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER,  CO  80309 

1  Dr.  Steven  E.  Poltrock 
Department  of  Psychology 
University  of  Denver 
Denver,  CO  80208 

1  Dr.  Mike  Posner 

Department  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 
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1  Dr.  Fred  Reif 
Physics  Department 
University  of  California 
Berkeley,  CA  94720 

1  Dr.  Lauren  Resnick 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  1521 

1  Mary  S.  Riley 

Program  in  Cognitive  Science 
Center  for  Human  Information  Processing 
University  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  Dr.  Andrew  M.  Rose 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  20007 

1  Dr.  Ernst  Z.  Rothkopf 
Eell  Laboratories 
Murray  Hill,  NJ  07974 

1  Dr.  William  B.  Rouse 
Georgia  Institute  of  Technology 
School  of  Industrial  &  Systems 
Engineering 
Atlanta,  GA  30332 

1  Dr.  David  Rumelhart 

Center  for  Human  Information  Processing 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  Dr.  Michael  J.  Samet 
Perceptronics,  Inc 
6271  Variel  Avenue 
Woodland  Hills,  CA  91364 

1  Dr.  Arthur  Samuel 
Yale  University 
Department  of  Psychology 
Box  HA,  Yale  Station 
New  Haven,  CT  06520 

1  Dr.  Walter  Schneider 
Psychology  Department 
603  E.  Daniel 
Champaign,  IL  61820 


1  Dr.  Alan  Schoenfeld 
Mathematics  and  Education 
The  University  of  Rochester 
Rochester,  NY  14627 

1  DR.  ROBERT  J.  SEIDEL 

INSTRUCTIONAL  TECHNOLOGY  GROUP 
HUMRRO 

300  N.  WASHINGTON  ST. 

ALEXANDRIA.  VA  22314 

1  Mr.  Colin  Sheppard 
Applied  Psychology  Unit 
Admiralty  Marine  Technology  Est. 
Teddington,  Middlesex 
United  Kingdom 

1  Dr.  David  Shucard 
Brain  Sciences  Labs 

National  Jewish  Hospital  Research  Cente 
National  Asthma  Center 
Denver,  CC  80206 

1  Robert  S.  Siegler 
Associate  Professor 
Carnegie-Mellon  University 
Department  of  Psychology 
Schenley  Park 
Pittsburgh,  PA  15213 

1  Dr.  H.  Wallace  Sinaiko 
Program  Director 

Manpower  Research  and  Advisory  Services 
Smithsonian  Institution 
801  North  Pitt  Street 
Alexandria,  VA  22314 

1  Dr.  Edward  E.  Smith 

Bolt  Beranek  &  Neuman,  Inc. 

50  Moulton  Street 
Cambridge,  MA  02133 

1  Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  94305 

1  Dr.  Eliott  Soloway 
Yale  University 

Department  of  Computer  Science 

P.0.  Box  2158 

New  Haven,  CT  06520 
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1  Dr.  Kathryn  T.  Spoehr 
Psychology  Department 
Brown  University 
Providence,  RI  02912 

1  Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  University 
Box  11A,  Yale  Station 
New  Haven,  CT  06520 

1  Dr.  Albert  Stevens 

Bolt  Beranek  &  Newnan,  Inc. 

10  Moulton  St. 

Cambridge,  MA  02238 

1  David  E.  Stone,  Ph.D. 

Hazeltine  Corporation 
7680  Old  Springhouse  Road 
McLean,  VA  22102 

1  DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIENCES 
STANFORD  UNIVERSITY 
STANFORD.  CA  94305 

1  Dr.  Kikumi  Tatsuoka 

Computer  Based  Education  Research  Lab 
252  Engineering  Research  Laboratory 
Urbana,  IL  61801 

1  Dr.  Perry  W.  Thorndyke 
Porceptronics,  Inc. 

545  Middlefield  Road,  Suite  140 
Menlo  Park,  CA  94025 

1  Dr.  Douglas  Towne 
’  Univ.  of  So.  California 

Behavioral  Technology  Labs 
1845  S.  Elena  Ave. 

Redondo  Beach,  CA  90277 

1  Dr.  Don  Weitzman 
Bell  Laboratories 
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